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CoolingCooling of a of a OneOne--PlatePlate PlanetPlanet

PresentPresent thermal thermal evolutionevolution modelsmodels suggestsuggest
AverageAverage upperupper mantlemantle temperaturetemperature aboveabove meltingmelting
temperaturetemperature in in earlyearly evolutionevolution sstrongtrong earlyearly crustcrust
formationformation
PresentPresent--dayday averageaverage mantlemantle temperaturetemperature belowbelow
meltingmelting temperaturetemperature

PresentPresent--dayday meltmelt duedue to lateral to lateral temperaturetemperature
variationsvariations, , e.ge.g. . plumesplumes??



‘‘StableStable‘ ‘ PlumePlume VolcanismVolcanism??

Thermal Thermal boundaryboundary layerlayer ((tbltbl) ) isis necessarynecessary
e.ge.g. at . at thethe bottombottom of of mantlemantle

CoolingCooling of of thethe corecore rapidrapid disappearancedisappearance of of tbltbl

StabilityStability of of plumesplumes possiblepossible withwith phasephase
transitionstransitions closeclose to to corecore--mantlemantle boundaryboundary

Phase Phase transitiontransition maymay bebe notnot existentexistent
Models Models withwith temperaturetemperature--dependentdependent viscosityviscosity do do 
notnot showshow thethe stabilizingstabilizing effecteffect of of plumesplumes (Roberts (Roberts 
and and ZhongZhong, 2004), 2004)



Alternative ModelAlternative Model

OriginOrigin of of recentrecent volcanismvolcanism a a consequenceconsequence
of of thethe heatheat transporttransport throughthrough thethe upperupper
nonnon--convectingconvecting layerlayer? ? 



Thermal Thermal ConductivityConductivity

MantleMantle materialmaterial
DependentDependent on on temperaturetemperature and and pressurepressure
~ 3 ~ 3 –– 4 W/(mK)4 W/(mK)

CrustalCrustal materialmaterial
‘Compact‘ ‘Compact‘ crustcrust ((e.ge.g. . basaltbasalt and and andesiteandesite)  ~ 2 W/(mK))  ~ 2 W/(mK)
FracturedFractured surfacesurface layerlayer 0.01 0.01 –– 0.5 W/mK0.5 W/mK



ModelModel

StagnantStagnant lidlid parameterizationparameterization
CrustCrust formationformation withwith redistributionredistribution of of 
radioactiveradioactive elementselements
CompositionComposition, , temperaturetemperature--
and and pressurepressure--dependentdependent
thermal thermal conductivityconductivity
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ResultsResults II
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K = 4 W/(mK) in crust and mantle
K = 2 W/(mK) in crust and K(T,P) in mantle



ResultsResults IIII
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Lateral Lateral VariationsVariations in in CrustalCrustal ThicknessThickness

Neumann et al, 2004



ExpectedExpected Lateral Lateral TemperatureTemperature
VariationsVariations at 300 km at 300 km DepthsDepths

EstimateEstimate fromfrom simple simple assumtionsassumtions
SteadySteady statestate heatheat conductionconduction
No lateral No lateral heatheat flowflow
ConstantConstant mantlemantle heatheat flowflow

upper non-convecting mantle

Mantle heat flow

crust, kc = 2 W/(mK)



ResultsResults
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ConclusionsConclusions

RecentRecent volcanicvolcanic activityactivity difficultdifficult to to explainexplain
withwith presentpresent--dayday plume(splume(s))

LowLow conductingconducting crustcrust isis responsibleresponsible forfor
recentrecent volcanicvolcanic activityactivity

Zone Zone withwith partial partial meltmelt in in aboutabout 300 km 300 km depthdepth cancan
bebe thethe sourcesource regionregion
Lateral Lateral thicknessthickness variationsvariations in in thethe crustcrust increaseincrease
locallylocally thethe meltmelt contentcontent and and maymay favourfavour thethe riserise of of 
meltmelt in in thosethose regionsregions ((e.ge.g. . TharsisTharsis))
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